Introduction

47
The phosphoprotein (P) is a multi-functional protein encoded in the genomes of in the N 0 -P complex.
78
Another important feature of P is that its functional form is a self-associated 79 oligomer. Self-association is required for supporting viral RNA synthesis (17), but is not 80 necessary for the association of P with other viral proteins such as L or N. The domain 81 responsible for P oligomerization (P OD ) is located in the central region of P. P N°D and
82
P NBD are linked to P OD through flexible loops, which appears to be a common modular 83 structure for all NSV P proteins. The length of P differs greatly among NSVs, and there 84 is no homology for P OD . Furthermore, the structure and the mode of self-association 85 also vary considerably from one P to another. In the case of SeV P (568 amino acids),
86
P OD corresponds to residues 320-433. Each SeV P OD subunit donates a single long 87 helix to form a tetrameric coiled-coil, with all helices being parallel to one another. Short
88
helices at the N-terminal end of SeV P OD contribute to additional tetrameric interactions.
89
For VSV P (265 amino acids), P OD comprises residues 107-177 (18, 19 Analysis Core at UTMB (Galveston, TX).
168
Bioinformatics analysis
169
The secondary structure of MuV P protein was predicted using Jpred3 (27). PIV5 V 170 protein (Accession #AAA47882) was used in the Jpred3 homologue search.
171
Crystallization and data collection of MuV P OD . P161-277 was expressed and 2.5 mM uranyl acetate to the cryosolution. Native crystals diffracted X-rays to a resolution of 2.2 Å when exposed to synchrotron X-rays at SER-CAT beamline BL-22
183
BM at APS.
184
Structure determination and refinement. were calculated using CNS (28). Structure figures were created using PyMOL (33).
193
Data collection and refinement statistics are shown in Table 1 . Figure 1D .
261
Trypsin digestion resulted in a major stable fragment corresponding to residues 135-391
262
with an N-terminal sequence of MINRF and a molecular weight of 27.7 kDa.
263
Chymotrypsin digestion resulted in a major stable fragment corresponding to residues 264 194-391 with an N-terminal sequence of AHPSP and a molecular weight of 21.7 kDa.
265
While bands corresponding to other partially digested products were seen on SDS-
266
PAGE gels for both trypsin and chymotrypsin digestions, the molecular weight of these 267 fragments could not be determined by mass spectrometry. Proteinase K digestion conformation at the C-terminal end (residues 272-277) of its long helix.
305
The crystallized MuV P fragment forms a tightly packed tetramer through non-306 crystallographic and crystallographic symmetry contacts ( Figure 3B ). We therefore 307 define this tetramer as MuV P OD . This tetrameric coiled-coil structure is reminiscent of 308 SeV P OD ( Figure 3C ). However, the tetramer formed by SeV P OD is composed of four 309 parallel helices, whereas the tetramer formed by MuV P OD is composed of two sets of 310 parallel helices that are in opposite orientation ( Figure 3B ). In the MuV P OD tetramer that 311 is primarily formed with hydrophobic interactions (Table 3) these charge zippers at both ends of the tetrad.
319
Glutaraldehyde Crosslinking
320
In order to verify the tetrameric state of the MuV P protein, crosslinking reactions 321 were performed using glutaraldehyde. Initially, full-length P was used in crosslinking 322 experiments. However, because MuV P is highly susceptible to nonspecific digestion were much easier to identify. Following analysis in SDS-PAGE gels, bands representing 328 monomers, dimers, trimers, and tetramers could be clearly discerned ( Figure 5A ).
330
Sedimentation Velocity Analysis
331
To further confirm the oligomeric state determined by the P OD crystal structure,
332
we carried out ultracentrifugation analyses to measure the sedimentation coefficient of 333 the purified P protein and fragment P161-277. For both P161-277 and full-length P, the 334 data revealed a single dominant species ( Figure 5 ). The molecular weight derived from 335 sedimentation coefficient is 57.8 kDa for P161-277, which corresponds to the theoretical 336 weight of a P161-277 tetramer (57.6 kDa). Furthermore, the molecular weight derived 337 from sedimentation coefficient is 165.5 kDa for full-length P, very close to the theoretical 338 molecular weight for a MuV P tetramer (168 kDa). We therefore concluded that the 339 purified MuV P protein or P161-277 is a tetramer, concurring with the results from the 340 crystal structure.
341
Nucleocapsid Binding
342
A number of recombinant P fragments were expressed and purified (Figures 1   343 and 2). In order to determine which parts of the MuV P protein interact with the 344 nucleocapsid, a pulldown assay was developed. Purified P fragments were first added 345 to a small Ni-affinity column in saturating amounts. After allowing the supernatant to In addition to using NLP formed by the full-length NLP (540 amino acids), binding 360 assays were also conducted using a trypsin digested form of the MuV NLP (NLP 379 ).
361
The digested NLP 379 was used to determine if P binding could be abolished in NLP regions of MuV P ( Figure 6D ,E).
365
Affinity of P fragments binding NLP
366
Based upon pulldown experiments, we concluded that MuV P contains two for P286-391, 1.61 × 10 6 M −1 for the full-length P ( shows a slower dissociation rate (Fig. 7A, E) . The curves of Fig. 7F 
426
We have shown that P binds the full length MuV NLP and truncated NLP 379 .
427
These observations confirm that the P binding site in the MuV nucleocapsid does not 
457
Comparisons of known structures of P uncovered three modes of P 458 oligomerization ( Figure 3B-E) . In the SeV P tetramer, oligomerization results in a coiled- Table 4 . 
730
This appears to be a common modular structure for all NSV P proteins. 
